Abstract. We suggest a simple and effective method of suppressing the speckle-noise in the lasergenerated images using the high-speed electro-optical cell with the ferroelectric liquid crystal (FLC), in which the helix is absent (compensated). The nature of deformations of FLC smectic layers in the electric field is indicated, and the mechanism of spatially inhomogeneous phase modulation of the laser beam passing through a cell is considered. The results of destruction of the phase relationships in a laser beam and speckle-noise suppressing are presented in comparison with earlier results, when helix FLC was used.
Introduction
In [1, 2] it was shown that the frequency of the alternative electric field causes in the layer of helix FLC the formation of randomly distributed (over the volume) gradients of the refractive index. This results in the spatially inhomogeneous modulation of the phase delay with a depth of the order π and more, which allows to destroy the phase relationships in the laser beam passing through the FLC, and, consequently, to suppress the speckle-noise in the image formed by a laser. The mechanism of speckle suppression is the chaotic change of the position of the scattering indicatrix while low-frequency and high-frequency pulses of the control voltage are supplied simultaneously. Due to such a spatial light modulator -despeckler on the base of helix FLC cell of 18 µm thickness the effective modulation of the phase delay was realized in a simple manner, and the suppression of speckles in laser images was demonstrated, when the electric field of 2 V / µm with the frequency of 500 Hz was applied to FLC cell. In this work, we used FLC-material, in which helix twisting of FLC director (main optical axis) in the layer was absent (compensated) due to the interaction of chiral additives with opposite signs of optical activity. Experiments showed that a despeckler on the base of an electro optical cell with helix-free FLC has a few features and advantages in comparison with previously tested despeckler based on helix FLC.
Experimental Results and Their Discussion
The alternating electric field applied along FLC smectic layers, interacting with the spontaneous polarization changes the distribution of the director in each smectic layer. The reorientation of the director in helix-free FLC is due to the movement of spatially localized waves with a stationary profile -solitons, arising at the transition to the Maxwell mechanism of energy dissipation [3, 4] .
In an electro-optical cell with helix-free FLC in the absence of an electric field at a certain ratio between FLC rotational viscosity , spontaneous polarization Ps and modulus of elasticity K determining the deformation along smectic layers, when Ps <50 nC / cm N and 0.3 < <1.0 Poise, the periodic deformation of smectic layers arise, resulting in periodic changes in the position of FLC director along each layer [3] .
The value of rotational viscosity in the range of 0.3 < <1.0 Poise is selected from the following condition: if  <0.3 Poise, the transition to the shear viscosity Ψ is not achieved, and the soliton mechanism of reorientation of the director of FLC is not realized; if  > 1 Poise the optical response time increases significantly not only at low frequencies but also at high frequencies. If the magnitude Ps is greater than 50 nC / cm 2 , then the saturation voltage increases, and the ferroelectric domains begin to form that results in the light scattering in the absence of the electric field. The indicated range of the elastic modulus is selected in order the smectic layers remain stable and at the same time they are susceptible to the formation of periodic spatial deformations in the absence of the electric field.
In this work, we used helix-free FLC with the following parameters: PS = 40 nC / cm Depending on the time of electric field action onto FLC structure, differently, depending on the duration of the control voltage pulses a few maximums of the scattering efficiency (measured as a contrast ratio) are observed - Figure 1 . Increasing the pulse duration results in an increase of the length of domain boundaries and the transition to irregular scattering structures. Consequently, the density of scattering centers reduces that in turn, results in reducing the efficiency of light scattering. Maximums of the scattering efficiency correspond to different scattering modes. The transitions between them result in the chaotic change in the position of the scattering indicatrix, if different voltage pulses are applied simultaneously to an electro-optical cell, and the duration of these pulses corresponds to different maximums. When the light scattering is switched on for short-term (less than 50 µs), the structures with a random distribution of gradients of the refractive index are formed that in turn causes the spatially inhomogeneous phase light modulation in an electro-optical cell.
The appearance of the refractive index gradients along the smectic layers occurs at the inversion of the electric field sign (polarity of control voltage pulses), and this is a consequence of the nonlinear mechanism of FLC director reorientation due to the motion of soliton waves. Phase modulation with a depth up to 4 and high degree of non-uniformity is achieved (Figure 2 ) at the electric field of 2V /µm and the amplitude modulation of low-frequency voltage (here 1 kHz) by high-frequency voltage (10 kHz) of the same rectangular shape (meander). Such non-uniform modulation of the phase delay allows destroying the phase relationships in the laser beam passing through an electro-optical cell, and, as a consequence, to suppress the speckle noise in laser images, formed by a laser beam [5] .
The amplitude, duration and the pulse repetition frequency in this work were chosen such a manner that the efficiency of light scattering would change for the duration of each pulse of the sequence, but it would not reach its maximum value. The consequence of the chosen regime of the electric field is spatially inhomogeneous phase light modulation with a depth of up to 4, which results in the destruction of phase relations in a laser beam passing through FLC-cell and suppressing the speckle noise in the laser images (Figures 3 a, b, c, d ). It is important that distortions in the spectral composition of modulated radiation were not observed. The contrast C of the speckle patterns was defined as the ratio of the standard deviation σ of intensity fluctuations to the average value of the intensity <I>: 
Summary
Experiments have shown a simplicity and effectiveness of the despeckler based on an electrooptical cell with helix-free FLC and its advantages in comparison with the despeckler using the helix FLC. Spatially inhomogeneous phase light modulation at the alternating electric field of 2 V / µm allowed to realize the effective suppression of the speckle-noise at four times higher modulation frequency, to eliminate distortions in the spectral composition of modulated radiation and, to eliminate the residual light scattering observed because of the helix in the absence of the electric field.
A value of the optical contrast measured according to the well-known technique showed that the efficiency of suppressing the speckle-noise in laser images is as high as 80%.
